Spices and flavoring plants part rich in supposedly healthpromoting phytochemicals are currently receiving much attention as a possible source of cancer chemopreventive compounds. Clove, the sun-dried unopened flower bud from the plant Syzygium aromaticum L. is a commonly used spice and food flavor. In the present work we assess the chemopreventive potential of aqueous infusion of clove during benzo[a]pyrene (BP)-induced lung carcinogenesis in strain A mice. Incidence of hyperplasia, dysplasia and carcinoma in situ evident in the carcinogen control group on the 8th, 17th and 26th weeks, respectively, were effectively reduced after treatment with clove infusion. Significant reduction in the number of proliferating cells and an increased number of apoptotic cells was also noted in these BP-induced lung lesions following clove treatment. Western blotting analysis revealed that clove infusion upregulates the expression of pro-apoptotic proteins p53 and Bax, and downregulates the expression of antiapoptotic protein Bcl-2 in the precancerous stages. Expression of caspase 3 and its activation by clove infusion were evident from a very early stage of carcinogenesis (eighth week). Clove infusion was also found to downregulate the expression of some growth-promoting proteins, viz, COX-2, cMyc, Hras. The observations signify the chemopreventive potential of clove in view of its apoptogenic and anti-proliferative properties.
Introduction
Healthy eating and drinking habits are considered to protect from a variety of diseases, including cancer. The possibility of dietary modification and/or supplementation with specific agents for preventing cancer is currently being explored. A number of natural and synthetic agents have been identified, which can prevent cellular damages, associated with carcinogenesis, leading to the development of tumors. Chemopreventive strategies for cancer embrace intervention by the administration of natural or synthetic agents that can inhibit, delay, block or reverse the process of carcinogenesis, which can be used for the general population to protect from carcinogenic exposure and reduce cancer risk. Epidemiological and animal model studies do indicate that cancer risk may be influenced by dietary factors (1, 2) . It is now believed that a wide variety of naturally occurring substances from plant food offer protection from carcinogenic exposure (3) . There has been a growing realization that spices possess anticarcinogenic properties, which is supported by experimental evidences (4) (5) (6) (7) .
Among spices, clove (Syzygium aromaticum L.) is used as a spice to add flavor to exotic food preparations. It was used by the traditional Ayurvedic healers of India since ancient times to treat respiratory and digestive ailments. Aqueous clove infusion was found to inhibit the growth of germinated spores of Bacillus subtilis, and inhibit the pathogens Campylobacter jejuni, Salmonella enterides and Escherichia coli. Because of its antiseptic and antibiotic properties, clove is used to treat toothache and as an ingredient in a popular toothpaste and mouthwash in India. An anti-herpes virus compound eugenin was purified from clove, which could inhibit viral DNA synthesis. In addition water extracts of clove have shown the inhibitory effect on hepatitis C virus protease. Eugenol, the principle component of clove has been shown to prevent lipid peroxidation and also known as strong scavengers of active oxygen radicals (5) .
Many different essential oils have been identified from clove, in which the most abundant one is eugenol (81.1%) (8, 9) . However, the activity of either the clove extracts or eugenol in cancer prevention is not known.
It is now well recognized that disturbances in the homeostatic mechanisms, which regulate cell proliferation and cell death (apoptosis), can contribute to the development and growth rate of a tumor. In fact, apoptosis has a pivotal role in limiting the population expansion of tumor cells early in the process of carcinogenesis, and inhibition of apoptosis has been shown to play an important role in the genesis of tumor (10) . Apoptotic death may be initiated or modulated by the presence of some exogenous factors, such as drugs, radiations and also diet (11) . If DNA damaged cells no longer respond to apoptosis, mutations may be acquired and fixed through further proliferation, which may lead to malignant neoplasia. In this context, it is noteworthy that apoptosis-inducing and proliferation-inhibiting ability may be considered as a primary factor in determining the efficacy of chemopreventive agents.
Among the positive and negative regulators of apoptosis, p53, the tumor suppressor gene, is an important defense against cancer as it suppresses tumor growth through cell-cycle regulation and also via apoptosis (12) (13) (14) , each of which operates in a distinct context. Bax, the pro-apoptotic member of Bcl-2 family, is a p53 target and is transactivated in a number of systems during p53-mediated apoptosis (15) . The upregulation of Bax expression and downregulation of Bcl-2, which lead to caspase 3 activation, the key executioner of apoptosis that results in the induction of apoptosis (16, 17) , have been well documented in a p53-dependent pathway of apoptosis (18) .
Cyclooxygenase (COX) is a rate-limiting enzyme in the cellular production of prostaglandins (PGs) from arachidonic acid. Overexpression of cyclooxygenase-2 (COX-2) is associated with cell proliferation and the inhibition of programmed cell death, has been recognized as a potential target of chemoprevention during the pathogenesis of cancer (19, 20) .
Among different oncogenes, the myc oncogene family appears to play an important role in the pathogenesis of cancer. The cMyc protein, encoded by the c-myc proto-oncogene, is both a potent inducer of cell proliferation and of apoptosis (21, 22) . Another oncogene the ras genes play an important role in signal transduction and cellular proliferation [through the mitogen-activated protein kinase (MAPK) pathways]. The collaboration mechanism of the ras with myc activates the cyclin E-Cdk activity, which leads to the loss of p27 inhibition and induces S-phase and cell proliferation (23) .
All these reports indicate that the proliferation and apoptosis regulating proteins are important factors for deciding the fate of a cell. However, the role of the spice, clove, in regulating the balance between cell proliferation and apoptosis via modulating the expression pattern of proliferation and apoptosis regulating genes in tumor cells, is not yet revealed.
Global incidence of lung cancer is rising continually per year (24) and as a consequence lung cancer is the leading cause of cancer mortality in most countries (25) . Tobacco smoking is the major risk factor for lung cancer (26) . Benzo[a]pyrene (BP), one of the important tobacco related carcinogen is significant for the formation of DNA adducts and ultimately cancer (27) .
Surgical resection and/or radiation ablation or systemic chemotherapy is the main lines of treatment for most cancers, but in case of lung cancer post-treatment recurrence is quite frequent. Therefore another approach that focuses on the prevention of lung cancer is gaining ground. Although the cessation of tobacco smoking is important for lung cancer prevention, ex-smokers are still at a risk for developing lung cancer. An alternative and novel approach for the management of lung cancer is chemoprevention through the recommended intake of health protective food especially those present in vegetables, fruits, beverages and spices in daily diet.
Here we report for the first time the proliferation-inhibiting and apoptosis-inducing effects of aqueous infusion of clove on BP-induced lung carcinogenesis in Strain A mice.
In this study, we addressed the role of clove infusion on p53 and its downstream effectors Bax, Bcl-2 and caspase 3 in the induction of apoptosis and also the effect of aqueous infusion of clove on the expression status of COX-2, Hras and cMyc oncogene during BP-induced lung carcinogenesis. We suggest that such analysis could be useful for the individualization of chemopreventive strategies in the future.
Materials and methods
Materials and animals BP was purchased from Sigma Chemical; USA. 5-Bromo-2-deoxyuridine (BrdU) labeling and detection kit II and In situ Cell Death Detection Kit II, AP was procured from Roche Molecular Biochemicals (Manheim, Germany). b-Actin, COX-2, caspase 3, p53, Bax Rabbit Polyclonal Antibody, and Hras, cMyc, Bcl-2 mouse monoclonal antibody (Primary antibody), anti-rabbit and anti-mouse IgG-horseradish peroxidase (HRP) (secondary antibody), were purchased from Santa Cruz Biotechnology, USA. Other chemicals were purchased from Sigma Chemical ; USA., Merck India and Roche Molecular Biochemicals.
Clove was purchased from a reputed governmental store, Kolkata, India. We wanted to evaluate the anticarcinogenic role of clove (S.aromaticum L.) that is commonly available and used by the Indian people during their food preparation. Cloves (available from governmental source) grow normally in South India in the open sandy loams and the laterite soils of south Kerala region, as clove is a tropical plant requiring warm and humid condition with a rainfall of 150-250 cm.
Newborn Strain A mice 24-48 h old was obtained from the animal colony of Chittaranjan National Cancer Institute (CNCI). They were maintained in plastic cages (5 mice/cage) at an ambient temperature of 25 ± 2 C, on 12 h light/ dark cycle with their mother. All animals were cared for, maintained, handled and killed following the guidelines of the animal ethical committee of the institute (Registration No.: IAEC-1.2/SD-1/2001-2003).
Preparation of aqueous infusion of clove Cloves were powdered and soaked overnight in double distilled autoclaved water (2 g/100 ml) for the preparation of an infusion. The infusion was administered at a dose of 100 ml/mouse/day.
Development of lung carcinogenesis in mice and treatment with clove Each newborn mouse (24-48 h) received a subcutaneous injection at the sub-scapular region with 0.02 ml of a suspension containing 0.2 mg concentration of BP in 1% aqueous gelatin solution (single dose). The carcinogen was used within 1 h after emulsification. Then the newborns were allowed to grow with their mother, provided with water and food pellets (Lipton India; India) ad libitum. After weaning (after fourth week) males and females were separated and the animals were divided into two groups.
Group I (GrI) was the carcinogen control group receiving 100 ml of distilled water orally every day from the fifth week of BP administration and continued up to the 26th week.
Group II (GrII) was the treatment group that received aqueous infusion of clove orally at a dose of 100 ml/mouse/day from the fifth week of BP administration and continued up to the 26th week.
Animals from both the groups were killed on the 8th, 17th and 26th weeks for the study of different parameters. The number of animals was 45 for each group (N ¼ 45; n ¼ 15 for each time point). Randomly selected 10 animals were used for histopathological and immunohistochemical analysis and 5 for immunoblotting analysis for each time point.
Tissue section preparation and histopathological evaluation After having killed the mice from both groups at different time intervals all five lobes of the lungs from each mouse were collected, washed in phosphatebuffered saline (PBS) and soaked in blotting paper to remove the blood. Tissues were then fixed in 10% neutral buffered formalin for 24 h. The tissue samples were dehydrated in ascending concentrations of ethanol, cleared in xylene, and embedded in paraffin to prepare the block. All five lobes of the lungs were sectioned, mounted on slides and stained. The 4 mm serial sections were used in such a way that the corresponding sections were used for staining with hematoxylin-eosin (HE) for light microscopy and histopathological evaluation as well as the determination of proliferating index (PI) and apoptotic index (AI). This process continued for the serial sections of the total lung.
Detection of in situ cell proliferation
The percentage of proliferative cells in the lungs was determined using BrdU labeling and detection kit II purchased from Roche Molecular Biochemicals. The mice were killed and the lungs were dissected out and placed into BrdU added pre-warmed (37 C) cell culture medium for labeling of DNA in proliferating S-phase cells. This was followed by fixation of tissues and preparation of paraffin sections. After de-paraffinization and re-hydration sections were rinsed in PBS and incubated with anti-BrdU monoclonal antibody at 37 C, 5% CO 2 for 30 min, in a humid chamber, which was detected in situ by an alkaline phosphatase-conjugate-antimouse-immunoglobulin antibody (antimouse Ig-AP). The bound antimouse Ig-AP was visualized using nitroblue tetrazolium (NBT), an AP-substrate solution by light microscopy (28) . The PI was determined by dividing the number of labeled cells by the total cells counted and multiplying by 100.
Detection of in situ cell death Apoptotic cells in the lung section were detected using the terminal deoxynucleotidyl transferase (TdT)-mediated dUTP-fluorescein nick end labeling (TUNEL) method using in situ cell detection kit, AP (Roche Molecular Biochemicals, Germany). Deparaffinized tissue sections, after re-hydration were permeabilized using Triton-X-100 (Sigma Chemical, USA), washed in washing buffer and incubated with TUNEL reaction mixture (containing the TdT and fluorescein-dUTP) at 37 C, 5% CO 2 for 30 min. Slides were again washed with PBS for 10 min and NBT was added and kept for 10-15 min. Finally, the lides were washed and analyzed under light microscope (29) . AI was Banerjee et al.
determined as the percentage of labeled cells with respect to total number of cells counted.
Protein extraction and western blot analysis
Protein was isolated for the analysis by western blotting. For protein isolation, lungs were collected from both groups, homogenized in 5 V/W 20 mM HEPES, 10% glycerol (pH 7.5), buffer containing a mixture of protease inhibitor (2 mM EDTA, 2 mM EGTA, 10 mM PMSF, 10 mg/ml leupeptin and 5 mg/ml aprotinin). Particulate fraction was prepared by centrifugation (13 000 r.p.m. for 1 h) and the amount of protein was quantified with the help of Lowry method (30) . The gel was loaded with 50 mg of protein/lane and subjected to electrophoresis on 10% polyacrylamide gel. The separated proteins were then transferred to Millipore Immobilion-P-membrane (PVDF), blocked with blocking buffer (100 mM Tris-Cl and 150 mM NaCl and 0.1% Tween-20) and incubated with a 1:250 dilution of a specific primary antibody followed by 1:500 dilution of secondary antibody. The hybridized protein band was then detected using luminol reagent (Santa Cruz Biotechnology) and immunoreactive proteins were quantified with densitometer.
Statistical analysis
Tumor incidence results were analyzed by the c 2 -test. Data obtained from other experiments were analyzed by Student's t-test using MS-Excel and expressed as mean ± SD. The P-value of <0.05 was considered significant.
Results
Inhibition of BP-induced early lung lesion by aqueous infusion of clove BP-induced early lung lesions in Strain A mice had been studied previously in our laboratory and we had histopathologically identified hyperplasia, dysplasia and carcinoma in situ (CIS) in the 8th, 17th and 26th week, respectively (31) . Presently the effect of oral administration of aqueous infusion of clove from the fifth week onward of BP administration on the incidence of hyperplasia, dysplasia, CIS as well as the number of changed zone per mouse is reported. Figure 1A shows the normal appearance of a lung section showing a single layer of bronchiolar epithelium. On the eighth week hyperplastic changes were noted in bronchiolar epithelial cells but not in alveolar epithelial cells of the carcinogen control group ( Figure 1B ). This change was restricted to almost normal condition in the treated group ( Figure 1C) . Effect of clove infusion was also noted on the 17th week where dysplasia observed in the carcinogen control group did not show such progression after clove treatment ( Figure 1D and E). The histological appearance of CIS at the 26th week and the influence of clove infusion can be seen in Figure 1F and G. Only hyperplastic changes were noted in the treated group.
Incidence of BP-induced hyperplasia ( Figure 2 ) was reduced following treatment with clove infusion. It may be noted that while 80% of BP-exposed untreated mice had hyperplasia in lung tissue, this was reduced to 70% by clove infusion showing 12.50% inhibition after such treatment. When the number of hyperplastic zones in the lung was considered, a significant difference (P < 0.01) was noted between the control and treated groups. While the average number of hyperplastic zones observed in the carcinogen control group was found to be 2.75 ± 0.53, treatment with clove infusion resulted in significant reduction to 1.6 ± 0.55 ( Figure 3A) .
Incidence of dysplasia (Figure 2 ), which was 70% in the BP-exposed group, came down to 50% following clove infusion treatment showing 28.57% inhibition after such treatment. Significant reduction in dysplastic zones both in the bronchiolar (P < 0.01) and alveolar (P < 0.05) regions of the lungs was also noted in the treatment group with respect to the carcinogen control group. It may be noted that in the BP administered group the number of dysplastic zones in bronchioles and alveoli were 4.14 ± 0.69 and 3.14 ± 0.69 while the number of dysplastic zones in bronchiolar and alveoli region in the treatment group were 2 ± 1.41 and 1.67 ± 0.71 ( Figure 3A and B) .
The effect of clove infusion was very pronounced (P < 0.01) on the incidence of CIS (Figure 2 ). While 70% of BP-exposed animals had CIS, after treatment with clove infusion only 10% animals showed CIS indicating 85.71% inhibition after such treatment. Significant reduction (P < 0.001) in the number of CIS lesions per mouse was noted in the treatment group both in bronchiolar and alveolar regions as compared with control ( Figure 3A and B) . The number of bronchiolar and alveolar CIS lesions per mouse was 7.71 ± 0.76 and 6.29 ± 0.76, respectively in the carcinogen control group, and 4.50 ± 0.71 and 3.5 ± 0.71, respectively in the treatment group.
Inhibition of cell proliferation in BP-induced lung lesions by clove infusion Effect of clove on in situ cell proliferation was assessed by BrdU incorporation and immunohistochemical analysis, which confirms our histopathological observation. It may be noted in Figure 4 that immunostain positive BrdU labeled cells in the bronchiolar region were lower in the treated group (B, D and F) than in the carcinogen control (A, C and E). PI on the eighth week of BP exposure was found to be 41.49 ± 0.98, which went up to 52.12 ± 0.81 on the 17th week and 70.66 ± 0.84 on the 26th week in the carcinogen control group. Treatment with clove infusion reduced the PI to 35.86 ± 0.57, 32.59 ± 0.196 and 25.23 ± 0.58 on the 8th, 17th and 26th weeks, respectively indicating 13.56, 37.47 and 64.29% inhibition ( Figure 5 ). This result demonstrates a significant (P < 0.001) inhibitory effect of cove infusion on cell proliferation during carcinogenesis.
Induction of apoptosis by clove infusion in lung lesions during carcinogenesis
The effect of treatment with the test material on apoptosis was also assessed by immunohistochemical analysis. It is interesting to note that simultaneously with the inhibition of proliferation at the targeted site clove infusion also induced cell death ( Figure 6 ). While AI on the eighth week was 1.56 ± 0.25 in the BP-exposed group, in the treatment group it was found to be 1.72 ± 0.21. During the progression of carcinogenesis AI in the BP-exposed group was 1.27 ± 0.11 on the 17th week that was further reduced to 0.82 ± 0.23 on the 26th week. Induction of apoptosis after the treatment with clove infusion was 1.91 ± 0.41 on the 17th week and 5 ± 0.18 on the 26th week ( Figure 7) .
Effect of clove infusion on the expression of pro-and anti-apoptotic proteins
After confirming that clove infusion induces apoptosis during lung carcinogenesis, our next attempt was to determine the impact of clove on the expression of genes associated with apoptosis. As it is well established that various pro-and antiapoptotic proteins play a crucial role in programmed cell death, we examined whether or not clove infusion can affect the expression of pro-apoptotic proteins, p53 and Bax as well as anti-apoptotic protein, Bcl-2 in our mice model. Interestingly, it was observed that clove infusion could elevate the expression of p53 and Bax in the lesions identified as dysplasia and CIS (14.12 and 46.53% for p53; 16.11 and 53.88% for Bax, on the 17th and 26th weeks, respectively) as shown in Figure 8 , A1 and A2 for p53 and Figure 8 , B1 and B2 for Bax. Bcl-2
Chemopreventive potential of clove expression was found to be downregulated by clove infusion at the same stage of carcinogenesis (47.29 and 56.15% reduction, respectively on the 17th and 26th weeks), thereby resulting in a decrease in Bcl-2:Bax ratio (Figure 8, C1 and C2) .
Effect of clove infusion on caspase 3 expression and its activation Accumulating evidence indicate that high level of p53 increases the ratio of Bax:Bcl-2 that leads to upregulation of caspase 3 expression, its activation and ultimately the induction of apoptosis (32) . After assessing that clove infusion increased the Bax:Bcl-2 ratio, our next interest was to obtain evidence whether clove infusion increased the level of caspase 3 expression and its activation via upregulation of Bax:Bcl-2 expression or not. Interestingly it has been found that clove infusion not only increased caspase 3 expression and its activation on the 17th and 26th weeks but also on the 8th week though clove infusion had no effect on Bax:Bcl-2 ratio during hyperplasia. Treatment was most effective in this respect during CIS ( Effect of clove infusion on COX-2 expression during lung carcinogenesis Since COX-2 is a promising target for chemopreventive agents due to its presence during the early stage of lung carcinogenesis (33), our attempt was to find out the role of clove infusion on COX-2 expression in BP-induced early lung lesions. Clove infusion reduced the COX-2 level on the 17th and 26th weeks (13.49 and 55.93%) but not on the 8th week ( Figure 8, G1 and G2). 
Effect of clove infusion on the expression of oncogenic protein during lung carcinogenesis
The protein products of many dominant oncogenes are capable of inducing both cell proliferation and apoptosis (34) .
A large body of physiological evidence shows that either upregulation or downregulation of intracellular cMyc activity has profound consequences on cell-cycle progression (35) . Similarly various cancers have been found to have mutations and overexpression of ras genes as an early or late event in the carcinogenesis process (36) . In view of this the influence of clove infusion, if any on the expression of cMyc and Hras during the preneoplastic condition of lung carcinogenesis was investigated. While clove infusion did not have any effect on the expression of cMyc and Hras at a very early stage (eighth week), there was minimum reduction in the expression of these oncogenic proteins at 17th week (2.63 and 4.24%, respectively). The most effective result was noted on the 26th week (15.16 and 45.52%, respectively for cMyc and Hras, respectively) ( Figure 8, H1 and H2 for cMyc; Figure 8 , I1 and I2 for Hras).
Discussion
Chemoprevention has become an emerging area of cancer research that in addition to providing a practical approach to identifying potentially useful inhibitors of malignant transformation affords opportunities to study the mechanism of anticarcinogenesis. In recent years considerable efforts have been made to develop chemopreventive agents that would inhibit, retard or reverse the multistage carcinogenesis (37) . Chemopreventive agent can act in any stage of carcinogenesis i.e. initiation, promotion or progression. The intervention of cancer at the post-initiation stage, however, seems to be the most appropriate and practical since this stage is reversible (38) . According to the report of the chemoprevention-working group of the American Association of Cancer Research, one of the major strategies adopted in chemoprevention is to suppress the carcinogenesis process after initiation (39) .
In the present study we report that aqueous infusion of clove can elicit strong pro-apoptotic effect during early lesion of lung carcinogenesis and also affect the in situ cell proliferation. The dose of aqueous infusion of clove (100 ml/mouse/day) adopted in this study was derived from our previous experiments on 7,12-dimethylbenz[a]anthracene (DMBA)-croton oil induced two-stage skin carcinogenesis model where inhibition of papilloma formation and reduction in tumor burden by clove was noted (40) .
During BP-induced lung carcinogenesis in mice distinct histopathological changes could be identified as hyperplasia on the 8th week, dysplasia on the 17th week and CIS on the 26th week as early lesions of lung cancer. Clove infusion was found to inhibit or delay this progression. The incidence of hyperplasia was reduced after treatment with clove infusion. Moreover, the numbers of hyperplastic regions were also reduced and their appearance delayed in the treatment groups. While hyperplastic changes were noted in the carcinogen control group around the eighth week, such changes were observed in the clove infusion treatment group only at the 26th week. Likewise an inhibition was also observed on the incidence as well as the number of dysplastic regions (the precancer lesion) in the treatment group. Impact of such restrictive effect of clove was reflected as significance reduction of incidence of CIS in the treatment groups. The number of CIS lesions both in the alveoli and bronchiole also significantly reduced. Histopathological analysis of the different stages of lung carcinogenesis thus suggest a protective role of clove infusion Chemopreventive potential of clove which restricted the process of carcinogenesis and halted or delayed the appearance of early lesions by preventive intervention at the post-initiation phase. It is clearly conceivable that increased or uncontrolled proliferation and an impaired apoptosis play a decisive role in the accumulation of malignant cells and eventually in the genesis of multistage carcinogenesis (41) . The result of the present study demonstrated that clove infusion could lower the PI at different stages of experimental lung carcinogenesis in mice model. Number of BrdU labeled cells at the hyperplastic stage was significantly reduced after clove infusion treatment of BP-exposed mice in comparison with the carcinogen control group. The inhibitory effect of clove infusion on cell proliferation continued through the 17th week up to the 26th week. The delayed progression of histopathological changes from hyperplasia to CIS in treated groups may be attributed to their anti-proliferative action noted. Consequently, an enhanced but balanced rate of apoptosis would provide an important protective mechanism by any chemopreventive agents. Such an apoptotis inducing property of clove infusion was noted at different stages of lung carcinogenesis (8th, 17th and 26th weeks) in the present study.
Since clove infusion was found to be effective in the inhibition of cell proliferation and the induction of apoptosis in BP-induced lung carcinogenesis, attempts were made to explore the possible mechanisms of aqueous infusion of clove in the induction of apoptosis and the inhibition of proliferation. The expression of some apoptosis-inducing and growth-promoting proteins during BP-induced early lung lesions was therefore analyzed.
It is well established that when a cell would be committed to apoptosis partly depends upon the balance between proteins that mediate cell death, e.g. p53, Bax and proteins that promote Banerjee et al.
cell viability, e.g. Bcl-2 (42, 43) . Among these proteins, p53 has been found to facilitate apoptosis in various cancers. In this study we show that clove infusion can increase the p53 expression. It is known that p53 may induce genes in response to stress signals thereby contributing to apoptosis. The Bax is an apoptosis-promoting member of the Bcl-2 protein family. The Bcl-2 protein is known to form heterodimers with the Bax protein in vivo and the molar ratio of Bcl-2 to Bax determines whether apoptosis is induced or inhibited in several tissues (44) . The Bax protein controls cell death through its participation in disruption of mitochondria and subsequent cytochrome c release and is also considered to be one of the primary p53 targets (45) . In our experiment, treatment with clove infusion decreased the expression level of Bcl-2 and increased Bax concentration thereby decreasing the Bcl-2:Bax ratio. The modulatory effect of clove infusion was noted only after the lesion progressed beyond hyperplasia. Caspase 3 is the ultimate executioner of apoptotic pathway. Activation of procaspase 3 (32 kDa) requires proteolytic processing of its inactive zymogen into activated p17 and p19 subunits (46) . Bax drives the release of cytochrome c from the mitochondria and the released cytochrome c activates caspase 3 (47) . Treatment with clove infusion has been shown to not only upregulate the expression of procaspase 3 but also its activation during the preneoplastic condition of BP-induced lung carcinogenesis. Therefore it implied the pro-apoptotic efficacy of aqueous infusion of clove. However, many questions remain to be answered, including how clove induces apoptosis or activates caspase 3 during hyperplasia, though p53 and or Bcl-2:Bax ratio remained unaffected at this stage. There are other p53 independent pathways involved Chemopreventive potential of clove in the regulation of apoptosis (48) , which need to be explored in our system to account for this observation.
There is a growing body of compelling evidence that targeted inhibition of COX-2 expression or activity is valuable for not only alleviating inflammation, but also preventing cancer. Since chronic inflammation predisposes to malignancy (49) , the inhibition of COX-2 by clove seems likely to contribute to both anti-inflammatory and anticarcinogenic action for chemoprevention of lung carcinogenesis induced by BP.
One of the key biological functions of oncogene cMyc is its ability to promote cell-cycle progression (50) (51) (52) (53) . After mitogenic stimulation cMyc proteins rapidly induce the cells to enter the G 1 phase of cell cycle. Thereafter the proteins are detectable in proliferating cells. Western blotting analysis of cMyc indicated that the expression of this oncogenic protein was not affected by clove infusion during hyperplasia and dysplasia of lung carcinogenesis, but the effect of treatment was noted at CIS stage in the form of downregulation of cMyc oncogenic expressions. Consequently, the oncoprotein ras, a 21 kDa guanine nucleotide-binding protein, is encoded by a member (Harvey-, Kirsten-, and Neural-ras) of the ras proto-oncogene family. Mutational activation transforms ras into an oncogenic form, results in the loss of intrinsic GTPase function and therefore the protein is constitutively in the active, GTP-bound state and is continuously sending signals for cell growth (54, 55) . Statistics reveal that 10-25% of all human malignancies in clinics were found to harbor a variety of ras mutations (56, 57) , making ras one of the most important targets to suppress tumor cell growth (58, 59) . Therefore the development of inhibitors of the ras as potential anticancer agents is a very promising strategy to prevent cancer. This investigation is the first report to demonstrate that aqueous infusion of clove represses ras oncoprotein expression most prominently during lung carcinogenesis at the CIS suggesting clove infusion to be a potent inhibitor of oncogenic induction.
All these observations indicate the relationship between p53 status, Bcl-2/Bax ratio, and caspase 3 activation and enhanced apoptosis induced by clove infusion result in the restriction of BP-induced lung carcinogenesis. In addition, the expression status of COX-2, and some oncogene, viz, cMyc, Hras and the inhibition of cell proliferation added to the anticarcinogenic action of clove infusion during lung carcinogenesis. To conclude, our results imply an apoptosis-enhancing and proliferation-inhibiting capability of clove infusion during the post-initiation phase of lung carcinogenesis by modulating the balance between pro-and anti-apoptotic factors and also by regulating some growth-promoting genes. The most notable implication of our work is that the oral infusion of clove could result in a significant inhibition in the progression of cancer in the animal model that emulates human disease. Banerjee et al.
